Epithelial Homeostasis: Elimination by Live Cell Extrusion  by Katoh, Hiroto & Fujita, Yasuyuki
Dispatch
R453The ‘species problem’ is to find
a biological process that underwrites
and makes ‘natural’ some particular
pattern or extent of clustering, telling us
what in general a species is and how to
recognize one [7]. But if multiple and
indeed potentially opposed processes
are driving bacterial population
genomic evolution with variable
intensities and consequences, then
there is no reason to expect that all
bacteria will belong to clusters at any
specified level of cohesiveness, and no
non-arbitrary (process-related) criteria
for specifying any such level.References
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DOI: 10.1016/j.cub.2012.04.034Epithelial Homeostasis: Elimination
by Live Cell ExtrusionTo maintain a functional and harmonious epithelial society, the number and
quality of cells need to be tightly controlled. Two recent studies reveal a novel
cellular process for epithelial homeostasis: crowding-mediated live cell
extrusion.Hiroto Katoh and Yasuyuki Fujita*
In epithelial tissues, each cell is
connected via tight cell–cell adhesions
to form epithelial sheets. To maintain
the barrier function of epithelia,
the number and quality of cells need
to be properly controlled. One classic
mechanism that has been intensively
studied is contact inhibition, whereby
densely populated cells stop
proliferating [1]. In addition, studies
from our group and others have
revealed that cell extrusion is another
homeostatic mechanism to eliminate
unnecessary (apoptotic) or harmful
(transformed) cells from epithelia.
When apoptosis occurs in the
epithelium, apoptotic cells are
recognized by neighboring cells and
squeezed out from the epithelial sheet
by actomyosin-mediated contractile
forces (Figure 1A,A0) [2–4]. When
Ras-, Src- or ErbB2-transformed cells
are surrounded by normal cells, the
transformed cells are extruded from
epithelia (Figure 1B,B0) [5–8]. Now, two
papers recently published in Nature
[9,10] demonstrate that there is another
way to eliminate cells from epithelia:
crowding-induced live cell
extrusion (Figure 1C,C0).
During the formation of the dorsal
thorax (notum) in Drosophila, dorsalparts of wing disc epithelial sheets
approach and fuse at themidline where
cells become transiently packed. In the
first of the newpapers,Marinari et al. [9]
analyzed the behavior and fate of
cells at the crowded regions and
found that a number of cells near the
midline were basally delaminated. The
pattern of the delamination varied and
was not symmetrical across the
midline. Together with other data,
which showed that cell lineage,
position or developmental time did not
play a deterministic role, Marinari et al.
[9] concluded that this cell
delamination is a stochastic process.
When cell growth and crowding were
enhanced by upregulation of the
phosphatidylinositol 3-kinase (PI(3)K)
pathway, cell delamination occurred
more frequently. In contrast, when
the PI(3)K pathway was suppressed,
the rates of midline cell delamination
were significantly decreased,
suggesting that cell growth and density
profoundly influence the occurrence
of cell delamination.
Furthermore, Marinari et al. [9]
analyzed the situation in the crowded
notum using computational models,
assuming that the topological
organization of cells changes over time
while tissue area is fixed. Thesemodels
used an equation comprising threeparameters: compressibility, junctional
tension and cell contractility. By
simulating effects of cell density in
epithelia, they showed that cell
delamination directly correlated with
crowding. In addition, by simulating
cell geometries in crowded epithelia,
they demonstrated that cellular
anisotropy promoted delamination.
Significantly, by combining these two
factors, crowding and geometry, their
model phenocopied the process of live
cell delamination that occurred in vivo.
These data indicate that local tissue
mechanics are the key factors that
determine the tendency of cells to be
delaminated.
Via the computational modeling
and in vivo analyses, Marinari et al. [9]
demonstrated that there are two
patterns of basal cell delamination.
In the first pattern, cells gradually lose
apical area without concomitant
changes in neighbor relationships,
keeping cell shapes isotropic. When
apoptosis was suppressed by
overexpression of the apoptosis
inhibitor DIAP1, this pattern of basal
delamination diminished, indicating
that this process is dependent on
apoptosis. In the second pattern,
cells progressively lose cell junctions
with their neighbors in a stochastic
manner, leading to anisotropic cell
shapes. These neighbor exchange
events and progressive loss of apical
area are followed by the recruitment
of a contractile myosin II ring within
neighboring cells. This pattern was
shown to occur for the delamination
of live cells but not of apoptotic cells.
Thus, delaminations of apoptotic
and live cells seem to be governed
by distinct molecular mechanisms.
Figure 1. Schematics for homeostatic cell extrusions in epithelia.
There are three types of homeostatic cell extrusion in (A–C) Drosophila and (A0–C0) vertebrates, involving either (A,A0) apoptotic, (B,B0) trans-
formed, or (C,C0) live cells. Red rings indicate actomyosin contractions: see text for details.
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R454In summary, when cells are densely
packed in an epithelial monolayer
in Drosophila, stochastic junctional
fluctuations trigger progressive
neighbor exchange events, and a final
push from surrounding neighbors
eventually elicits basal delamination
of live cells. Marinari et al. [9] propose
that this live cell delamination can be
explained by a simple mechanical
model.
In the other Nature paper,
Eisenhoffer et al. [10] analyzed the
behavior of crowding epithelial cells
in vertebrates using cultured
Madin-Darby canine kidney (MDCK)
cells as a model system. First, MDCK
cells were cultured to confluence on
a stretched silicone membrane, and
then the membrane was released from
stretch, leading to overcrowding
situations. Under this experimental
condition, a number of cells wereapically extruded from the epithelial
sheet, and the cell density gradually
returned to pre-release levels.
Immunostaining for active caspase-3
and actin showed that the majority of
the extruded cells were non-apoptotic
and that this live cell extrusion was
induced by contractile actin rings from
neighboring cells. A previous study
from the same group had reported that
sphingosine-1-phosphate (S1P) and
Rho kinase (ROCK) play a crucial role
in extrusion of apoptotic cells [11].
Under the crowding condition,
inhibition of S1P signaling and ROCK
strongly decreased the frequency of
non-apoptotic and apoptotic cell
extrusions, indicating that common
signaling pathways are involved in
these two processes.
By a candidate approach,
Eisenhoffer et al. [10] found that both
apoptotic and non-apoptoticextrusions from overcrowded epithelia
were significantly suppressed by
gadolinium (Gd3+), an inhibitor of
stretch-activated ion channels.
In contrast, apoptotic cell extrusion
in response to UV was not affected
by Gd3+. These data suggest an
involvement of stretch-activated ion
channels in crowding-induced cell
extrusions. Eisenhoffer et al. [10] also
showed in developing zebrafish that
live cell extrusion occurs in the
epidermis of fin edges, where cell
density is highest. Treatment with Gd3+
or knockdown of the stretch-activated
ion channel Piezo1 suppressed the
frequency of live cell extrusion and led
to the formation of epidermal masses,
suggesting a role for Piezo1 in epithelial
homeostasis. Whether Piezo1
functions upstream of S1P and ROCK
pathways needs to be clarified in future
studies.
Dispatch
R455As described above, homeostatic
live cell extrusion occurs both in
Drosophila and vertebrates
(Figure 1C,C0), although the molecular
mechanisms governing these two
processes seem to be different. Live
cells are basally delaminated from
crowded epithelia in Drosophila
(Figure 1C), whereas cells are apically
extruded in vertebrates (Figure 1C0).
According to the data presented by
Marinari et al. [9], extrusion occurs
mechanically in a stochastic manner
in Drosophila (Figure 1C). In contrast,
Eisenhoffer et al. [10] showed that S1P
and stretch-activating ion channels
are involved in live cell extrusion in
vertebrates (Figure 1C0). But these
differences are not necessarily
mutually exclusive. It remains to be
elucidated whether live cell extrusions
are evolutionarily conserved processes
and are regulated by common
molecular mechanisms between
different species. For example, does
progressive loss of intercellular
adhesions occur in vertebrates? Do
S1P and stretch-activating ion
channels play crucial roles in
Drosophila?
So, there are now three known types
of homeostatic cell extrusion, involving
either apoptotic, transformed or live
cells (Figure 1). Marinari et al. [9] and
Eisenhoffer et al. [10] have shown that
extrusions of apoptotic and live cells
are regulated, at least partially, by
distinct mechanisms. At present, the
molecular mechanisms for extrusionof transformed cells are not clearly
understood. During apical extrusion
of Ras- or Src-transformed cells, actin
ring formation does not occur,
as observed for apoptotic and live
cells [6,7]. Thus, it remains to be
investigated whether extrusion of
transformed cells involves similar
molecular mechanisms to other types
of extrusion.
It is plausible that crowding-induced
delamination is a general process
that maintains proper epithelial
integrity in a variety of tissues. One can
presume that perturbation of this
homeostatic system causes several
diseases, including cancers. It was
previously reported that inhibition
of apical extrusion of transformed
cells results in their basal delamination
and invasion into the matrix [6]. It is
highly likely that defects in
homeostatic live cell extrusion are also
involved in cancer development,
considering that cell densities are
profoundly increased in hyperplasia
or polyp lesions. Further studies on
these issues could reveal undiscovered
molecular mechanisms for cancer
development and lead to new ways
to fight against cancers.References
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BARsMembrane bending is accomplished in part by amphipathic helix insertion into
the bilayer and the assembly of BAR domain scaffolds preparing themembrane
for fission. Two recent studies highlight the roles of amphipathic helices and
BAR scaffolds in membrane fission and establish the structural basis of
membrane bending by the N-BAR protein endophilin.Volker Haucke1,2
Cellular compartmentalization and
membrane flux depend on the spatially
and temporally controlled remodeling
of membranes, which regulates
essentially all aspects of cell
physiology ranging from signaling to
cell motility and development [1,2].Remodeling of membranes among
other mechanisms involves proteins of
the Bin/Amphiphysin/Rvs (BAR)
domain superfamily, which includes
N-terminal BAR (N-BAR), extended
FCH-BAR (F-BAR), and inverse BAR
(I-BAR) proteins [1]. BAR domains are
dimers of antiparallel helix bundles
[1–4] that accommodate differentlyshapedmembranes, such as endocytic
membrane tubules, filopodia, or
organellar subdomains. By assembling
into regular protein arrays,
BAR-domain proteins may provide
scaffolds for the generation and
stabilization of curved membrane
domains that may subsequently
undergo fission [1,2,5], for example,
during formation of endocytic vesicles
or tubules.
Apart from acting as
membrane-deforming scaffolds,
a subset of BAR-domain proteins
has also been proposed to bend
membranes by insertion of
amphipathic helices, such as those
found in the N-BAR protein
endophilin [6–8], a crucial factor in
clathrin-mediated endocytosis of
